Before the 18th century, the vertebral venous plexus (VVP) received scant mention, had no clinical relevance, and was largely ignored by anatomists, most likely because of its location and nondistensible nature. Gilbert Breschet in 1819 provided the first detailed anatomic description of the VVP, describing it as a large plexiform valveless network of vertebral veins consisting of 3 interconnecting divisions and spanning the entire spinal column with connections to the cranial dural sinuses distributed in a longitudinal pattern, running parallel to and communicating with the venae cavae, and having multiple interconnections. More than a century passed before any work of significance on the VVP was noted. In 1940, Oscar V. Batson reported the true functionality of the VVP by proving the continuity of the prostatic venous plexus with the VVP and proposed this route as the most plausible explanation for the distribution of prostate metastatic disease. With his seminal work, Batson reclassified the human venous system to consist of the caval, pulmonary, portal, and vertebral divisions. Further advances in imaging technology confirmed Batson's results. Today, the VVP is considered part of the cerebrospinal venous system, which is regarded as a unique, large-capacitance, valveless plexiform venous network in which flow is bidirectional that plays an important role in the regulation of intracranial pressure with changes in posture and in venous outflow from the brain, whereas in disease states, it provides a potential route for the spread of tumor, infection, or emboli.
T he vertebral venous plexus (VVP), or the Batson plexus as it commonly known today, was largely ignored by most anatomists, had little clinical significance, and escaped widespread recognition until Gilbert Breschet 1 in 1819 revealed its true anatomic extent in great detail. More than a century later, improved anatomic preservation methods, the development of roentgenology, and the introduction of radiopaque dye, all of which had the ability to show the VVP in great detail, ultimately contributed to Batson's 2 seminal work published in 1940, thereby reawakening interest in the great venous network.
Today, it is difficult to imagine that this widespread plexiform network of veins with such great functional and clinical significance remained largely unknown for centuries until the pioneering work of these 2 great anatomists/surgeons. It is probable that the location and nondistensibility of the venous network in the cadaver made it a less frequent structure of study until improved techniques of dye injections and instillations were developed. In this report, we trace the history of the VVP through the ages, discuss the significant contributions of Breschet and Batson, and report on the relevance, functionality, and potential clinical role of this great venous network in disease states.
HISTORY OF THE VVP
Before the 18th Century Vesalius (1543) was the first to illustrate veins leaving the spinal cord, 3 and this was later confirmed by Sylvius (1555). 3 In 1562, Falloppio described the longitudinal vertebral sinuses in the cervical region, 3, 4 with Vidus-Vidius (1611) later reporting a transverse connection at the level of C3 3, 5 ( Figure 1 ). However, credit goes to Willis 6 (1664) for describing the longitudinal veins and their transverse connections for the entire VVP 3 ( Figure 2 ), which was later modified by Vieussens (1685). 3 No significant new developments occurred with regard to the VVP until the early 19th century. 3 The Contribution of Gilbert Breschet (1784-1845) Breschet ( Figure 3 ), a French anatomist and surgeon, received his medical degree in 1812 at the University of Paris. In 1822, he was appointed attending surgeon at the Hôtel-Dieu (a famous Parisian hospital), joining Dupuytren and Cruveilhier as partners, a position he retained until his death. In 1830, he was appointed consulting surgeon to the King of France (Louis Philippe), and in 1835, he was appointed a member of the French Academy of Science (section of surgery and medicine), a post left vacant by the death of Dupuytren. In 1836, while at the University of Paris, Breschet was appointed chair of the Department of Anatomy, and Cruveilhier, who held this chair, was appointed the first Head of Anatomical Pathology, a position created and funded by his mentor Dupuytren on his death in 1835. 7 About a year before his death, while lecturing, he was seized with ''apoplexy'' (stroke), and after a long illness, he died in 1845 at the young age of 62. 7 Breschet first heard of the VVP from his teachers Chaussier 1 and Dupuytren. 1 On April 28, 1819, Breschet competed with 2 other entrants (Bogras and J. Cloquet) for the post of inspector general of anatomy, Faculty of Medicine Paris, which was left vacant by Béclard, who was nominated for professor of anatomy. The president of the competition was Chaussier, and Dupytren, Béclard, and Marjolin were some of the noted judges. 1, 7 The competition required 3 essays, 1 each in anatomy, physiology (the formation of callus), and surgery (the pathology of femoral hernias). 7 For his anatomy topic, Breschet chose the anatomy of the veins of the spine. He prepared all essays and submitted the work in 12 days, subsequently winning the competition, with the essay on the spinal veins (9 sections) published in the same year. 1, 7 In section 2 of the essay on spinal veins, Breschet provides precise details about his technique of injection and choice of subjects:
.... to demonstrate the spinal veins, the body of an old and spare subject, possessing slender muscles and large veins, should be selected; and with a view of facilitating the process of injection, it should be immersed for a considerable time in a warm bath. One tube is then to be adapted to the point of the superior longitudinal sinus; another to the gluteal artery; a third to the superior vena cava; a fourth to the great prelombo-thoracic (azygous) vein, near its entrance into the vena cava; and a fifth to the mouth of the inferior vena cava. Through these, common injection, coloured with Prussian Blue should be thrown in at the same instant; so that the extremities and the center, the essential parts and communications of the spinal veins may be equally filled. 1 Breschet described a large-capacitance plexiform valveless venous network of vertebral veins with a longitudinal pattern, parallel to and communicating with the venae cavae, that had multiple interconnections and spanned the entire spinal column with connections to the cranial dural sinuses. 1 He divided the venous network into 3 interconnecting divisions. The internal peridural network, by far the largest, surrounds the spinal cord within the spinal canal. The next group surrounds the internal network and is found within the vertebrae themselves. This group of veins joins the internal-to-external vertebral venous network. The last group is made up of the external vertebral veins, which form a plexus surrounding the spinal column. This external network joins the segmental veins of the cervical, thoracic, abdominal, and pelvic regions; receives blood from the deep back musculature; and connects freely with the other 2 groups of veins 1 ( Figure 4A ). In 1828, Breschet began a serial publication on veins that was to consist of 22 parts ( Figure 4B ). Unfortunately, only 8 parts were completed before his premature death. 7, 8 Breschet is also credited with the first description of the diploic veins and the sphenoparietal sinus and with providing a comprehensive description of the utricle and saccule of the inner ear. He is credited with introducing the terms otoconia and helicotrema. 9 In 1813, together with Magendie, he demonstrated that rabies could be transmitted from human saliva to dogs and discovered the rete mirabile, a vascular structure in whales and dolphins that allows survival and adaptation at great ocean depths. 10 Using animal experimentation, Cruveilhier 11 (1834) later described the role of the VVP in blockage of the inferior vena cava.
Again, no new knowledge about the VVP was noted from the time of Breschet to the 1940s. Even William Osler 12 appeared to be unaware of its existence. In a detailed report of thrombosis of the superior vena cava (1903), Osler published a figure showing the proposed collateral circulation. The vertebral veins had been omitted, despite the fact that, since 1830, they were known to be part of the collateral circulation ( Figure 5 ).
THE CONTRIBUTION OF OSCAR V. BATSON (1894 -1979)
Oscar Vivian Batson ( Figure 6 ), an American anatomist and otolaryngologist, attended the University of Missouri as an undergraduate, obtaining a master's degree in anatomy and later his doctor of medicine degree from Saint Louis University in 1920. Batson initially worked as an instructor of anatomy at the University of Wisconsin and then moved to Cincinnati, where he stayed for 7 years. In 1933, Batson became professor of anatomy at the University of Pennsylvania, a position he kept until his retirement. 13 While at the University of Missouri, he was introduced to cadaveric injection techniques, corrosion models, and plain radiography, which improved the visualization of human anatomy. Later, using his clinical experience and his knowledge of anatomy, the technique of plain radiography, and advanced cadaveric injection techniques, he was able to define the full extent of the VVP and its functional significance in normal and pathological conditions. He also credited the work of Breschet as the first to provide a detailed anatomic description in all his publications.
2, 3 Batson lived to see his work on the VVP validated and accepted by the contemporary scientific community and published in the books of anatomy, physiology, and clinical practice. He died in 1979.
In 1926, while studying the diploic veins of the skull, Batson was referred to the work of Breschet by his colleague Professor Artur Schüller, which ultimately led him to the VVP. 3 In keeping with his interest and later clinical practice as an otolaryngologist, Batson made corrosion specimens of the head and neck region in 1927 and noticed the extent of the VVP and its importance in drainage of this region of the body. Batson's familiarity with Breschet's work, the extent of the VVP visualized on the corrosion models, and the evolving realization by pathologists of the day that metastatic disease may be spread by veins made him suspect the possibility of a link between the VVP and its intrapelvic connections. He believed this could be the only anatomic explanation for the classic distribution of prostatic metastatic disease to the spine. 3, [14] [15] [16] With cadaveric experimentation, Batson found that the best way to access the prostatic plexus was via the deep dorsal vein of the penis because it drained directly into this plexus. In addition, to enhance visualization of the VVP under fluoroscopy, cadavers were positioned in a dorsal recumbent position so that hydrostatic pressure would prevent runoff of the contrast media from the lower-positioned spinal veins to the higher-positioned vena cava. Batson's initial injections with contrast media visualized only a few vessels. However, with a reduction in viscosity, the contrast media flowed freely into small vessels, and the true extent of the communications between the VVP and the prostatic plexus was observed 2,3 ( Figure 7A ). With injection of increased volumes of contrast media (200 cm 3 ), he was able to visualize the cranial veins and sinuses, thereby confirming Breschet's findings. 2 Batson then set out to prove the same experiment in vivo using monkeys. To simulate conditions of increased intra-abdominal pressure such as in coughing or straining, a towel was tied around the monkey's abdomen before contrast media injection via the deep dorsal vein of the penis. He again showed the flow of contrast media via the prostatic plexus to the VVP, thereby confirming that his cadaveric findings were not artifactual 2 ( Figure 7B ). He also injected superficial veins of the breasts of cadaveric specimens, reporting spread of the contrast media as far as the brain and its sinuses. 3 Batson believed that the VVP, extending from the cranium to the sacrum, was a large-capacitance venous system with rich anatomizes, plexiform channels, and many reduplications; that it communicated freely (valveless) with the other venous systems via segmental vessels; and that frequent flow reversal occurred during normal physiological processes such as straining and coughing. With his seminal publication in 1940, he reclassified the human venous system to consist of the caval, pulmonary, portal, and vertebral divisions. 2, 3 Later, Batson showed that initiation of the physiological Valsalva maneuver not only prevented blood from entering the body cavities but also pushed it through the valveless plexiform connections to the VVP, which was transmitted to the spinal thecal sac. 17 Batson was aware of the Monroe-Kellie doctrine and believed that intracranial pressure did not rise with the Valsalva maneuver, but this was not the case in the spine, because he believed the spinal dura to be elastic. Later work by 
Reitan,
18 who observed intrathecally administered iodized oil constrict in diameter and increase in height during respiration in humans, and Hamilton et al, 19 who reported a simultaneous increase in intrathoracic and intraspinal pressures while the arterial and brain pressures remained the same during coughing and straining, further confirmed Batson's work.
Batson went further to postulate that the VVP, with its rich valveless ramifications and connections, was a potential route for the spread of ''paradoxical'' tumor emboli, infections, and air embolism in the absence of pulmonary involvement and/or patent foramen ovale. Batson submitted his seminal paper in early June 1940 to a national medical journal, which was turned down, but the editor wanted to know when it was published as he wished to mention it editorially. Armed with this letter, Batson sent it to the editor of the Annals of Surgery, Dr Walter Lee, who requested to see the manuscript. Two days later, at the Annals of Surgery editorial board meeting, the paper was accepted for expedited publication and was in print 3 weeks after acceptance. 3 After the publication of the first paper, editorial comments were noted in American, British, and Australian journals, and soon after, a report appeared in which unusual clinical presentations were attributed to the VVP. 3, 20 In 1947, Herlihy 21 emphasized Batson's discovery of a major venous system that did not follow Harvey's paradigm of circular flow. In the early 1950s, 2 reports on live patients performing the Valsalva maneuver and injected with contrast media via the deep dorsal vein of the penis 22 and the femoral vein 23 confirmed the presence and functionality of the VVP, whereas Abrams, 24 studying vascular anomalies in children, confirmed Batson's findings of reversal of flow in the vertebral veins. Herlihy 21 later simplified Batson's classification of the venous system in humans into 2 principal groups: those within the pressure chamber of the thoracoabdominal cavity and those outside this cavity. In the cavity (pressure chamber) are the caval veins (including veins with valves of the limbs), pulmonary veins, the portal, and lumbar azygos veins. Outside the cavity are the veins of the head and neck, veins of the body wall, the valveless veins of the extremities, and the vertebral veins (true veins of spinal column). Herlihy called this entire extracavity group of veins ''the vertebral vein system,'' which he believed parallels, joins, and at the same time bypasses the cavity veins and unites the superior to inferior vena cava. The vertebral veins (veins around the spinal column) formed the central part of the extracavity system and connected to intracavity veins via the segmental vessels and through large emissary veins in the vertebral body. 21 
THE VVP IN THE MODERN ERA
Tobinick and Vega 25 proposed using the term cerebrospinal venous system (CSVS) because of the anatomic and functional continuity between the veins, venous sinuses, and venous plexuses of the brain and the spine and to further emphasize this seamless continuity between the 2 main divisions of this system, ie, the cranial venous system (intracranial veins, dural sinuses, cavernous sinuses, ophthalmic veins) and VVP, which courses along the entire length of the spine. Today, the CSVS is regarded as a unique, large-capacity, valveless plexiform venous network in which flow is bidirectional and plays an important role in the regulation of intracranial pressure with changes in posture and in venous outflow from the brain; in disease states, it provides a direct potential route for the spread of tumor, infection, or air emboli. The anatomy and unique nature of the CSVS have been confirmed by modern injection techniques, [26] [27] [28] x-ray, 29, 30 and magnetic resonance imaging studies. 31, 32 Further confirmation of Breschet's and Batson's work was noted when direct communication was verified between the craniofacial veins and major cranial sinuses angiographically, 33 between the cranial venous system and the VVP, 23, 26 and between the 3 divisions of the VVP 27 ; when it was confirmed that the VVP lacked valves that accounted for the bidirectional flow of blood under physiological conditions 26 ; and when direct communication was confirmed between the VVP and the veins of the back and thoracoabdominal wall 27 ; between the VVP and the azygous, pulmonary, and caval venous systems 26, 27 ; and between the VVP and the pelvic, prostate, and sacral plexuses. 22, 23, 27 It has been shown that cerebral venous outflow is dependent on central venous pressure and position. In the standing position, the jugular veins are collapsed and the main venous outflow from the brain is via the CSVS/VVP; however, when a rise in central venous pressure (Valsalva) occurs, the jugular veins open. 34, 35 This confirms that the communication between the 2 components of the CSVS is important in maintaining intracranial venous pressure system homeostasis during posture.
Vertebral venous air embolism in the absence of a patent foramen ovale has been reported in the sitting position, 36 after spinal surgery, [37] [38] [39] and with the use of hydrogen peroxide 40 and may have serious clinical consequences. Cement embolization via the VVP may also occur during vertebroplasty with embolization to the brain 27 and lungs 41 as previously reported. Epidural venous enlargement or engorgement has also been reported to cause transient cauda equina compression 42 ; to occur in spontaneous intracranial hypotension 43 ; to result in intractable backache and sciatica without caval obstruction 44 and with caval obstruction, 45 myelopathy caused by overshunting, 46 or Marfan syndrome 47 ; and to simulate a herniated disk. 48 The CSVS/VVP provides a direct anatomic route of communication between the cranium, thoracoabdominal, and pelvic cavities and their contents. Injection of tumor cells into the tail vein of mice with occluded vena cava resulted in a reproducible growth of tumor in the lumbar spine, 49 and the presence of prostatic metastases to the cranium and brain and leptomeningeal spread have been attributed to the CSVS/VVP. 50 Infection may also be disseminated via the CSVS, as mentioned by Batson. 2 Infections may occur regionally, eg, vertebral osteomyelitis after prostatic surgery, 51 as well as neglected rhinogenic sinusitis with spread via retrograde thrombophlebitis to the cranium and its contents 52, 53 and craniofacial sepsis with intracranial spread of infection. 54, 55 Infections may also spread from remote regions such as the chest to cause a brain abscess 52, 53 or spread of parasitic infections such as schistosomiasis, 56 or spargonosis may occur. 57 The VVP has been shown to be a possible route for the spread of tumor cells and infections and be an alternative pathway of flow during caval blockage.
CONCLUSION
Today, the anatomy of the CSVS is taken for taken granted, but this knowledge was almost nonexistent 2 centuries ago. Gilbert Breschet and Oscar Batson, great anatomists of their times, discovered an alternate great plexiform venous system that today is recognized for its functional and clinical relevance. Their bodies of work were complementary and resulted in the most significant advancement in our knowledge of the human venous system, ie, Breschet's detailed anatomic description of the VVP, which provided the foundation and catalyst for Batson's experiments, thereby proving the functional importance of this great venous system. The VVP is commonly known today as the Batson plexus; sadly, Breschet's contribution has been forgotten. Therefore, this report serves as a reminder to the contemporary neurosurgeon who encounters this great venous system daily that Breschet's seminal work on the VVP was the first comprehensive and detailed description of the VVP in the history of medicine.
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